South African fynbos ecosystems are under threat from alien plant invasions and transformations to alternative land uses. If large-scale habitat loss and species extinction are to be halted, restoration actions are urgently required. We postulate that by adopting an approach in which an understanding of community and ecosystem dynamics is applied to restoration practices, protocols can be developed which will lead to more efficient restoration. This understanding is based on a review of the relevant ecological literature, focusing on recruitment dynamics, community structure, and ecosystem function, which are particularly relevant to restoration. We develop a conceptual framework for restoration and apply our protocols to a case study area on the Cape Peninsula. Before ecological restoration can begin, the cause of transformation must first be removed or ameliorated. The next step is to ensure that the important ecological processes are functioning. We contend that a fully functioning community requires a good balance of the major growth-form, regeneration, and nutrient acquisition guilds. Fire is the natural disturbance event initiating recruitment in fynbos. It is, therefore, essential to either burn a site or provide fire-related germination cues in order to stimulate recruitment. Where guilds are under-represented, corrective reintroductions will further improve the long-term resilience of the restored community. Many taxa have persistent soilstored seed banks, so it is important to conserve topsoil and optimize use of this local species pool. Seed dispersal distances are generally very short, and in highly transformed sites it will be necessary to reintroduce seed of the major guilds in order to restore community structure and functioning. Post-fire succession in fynbos begins with the full complement of species; species gradually die out from the vegetation according to their respective life spans. In order to stimulate germination and promote successful establishment, it is important to sow seed after fire or site clearing in late summer or autumn. Introducing seed or plants at a later stage in the succession is very likely to fail. Because of the localized distributions of many taxa, extreme care must be taken when selecting species for reintroduction if local gene pools are to be conserved.
Introduction
F ynbos vegetation forms a major component of the globally distinctive Cape Floristic Region of temperate South Africa and has been relatively well studied ecologically (Cowling 1992; Cowling et al. 1997) . Fynbos communities are evergreen shrublands, usually dominated by a mixture of ericoid and proteoid shrub and restioid (aphyllous graminoid) growth forms (Fig.  1) . The Cape Floristic Region has been accorded floral kingdom status (Good 1974; Goldblatt 1978; Takhatajan 1986) and is an extremely important reservoir of biodiversity. Increasing human pressures on the land, both directly through urban expansion, mining, and agricultural transformation, and indirectly through habitat fragmentation, inappropriate management practices, and alien plant invasions (Table 1; Fig. 2 ), are threatening the survival of plant communities and their genetic resources, particularly in the lowlands (Rebelo 1992 a ; Wood et al. 1994) . As human settlements and developments compete, options for acquiring land for nature reserves are rapidly declining, especially in those areas most in need of conservation (Trinder-Smith et al. 1996) . For example, the world's highest concentration of threatened endemic species occurs within the modern urban boundary of the Cape Town Metropolis (Rebelo 1992 b ) .
As a signatory to the 1992 United Nations Conference on Environment and Development (UNCED), South Africa is bound to protect its indigenous biota by setting aside adequate reserves and restoring key sites (Anonymous 1997) . However, in a political dispensation which currently favors social development needs above conservation needs, it is important to maximize the conservation value of the land currently available for this purpose. Thus, restoring biodiversity and maintaining ecosystem functions should be central to the management of remaining fynbos vegetation if future large-scale extinction is to be avoided. Indeed, the restoration of degraded habitats is often included as one of the aims outlined in the strategic plans of nature conservation authorities.
This paper addresses the urgent need for guidelines on how to restore fynbos vegetation. We hypothesize that by adopting key ecological principles, a conceptual scheme for optimal and efficient restoration can be developed. We further contend that if ecological protocols are followed, the restoration outcomes, in terms of the establishment of populations (Primack 1996) , communities, and ecosystem functions, are more likely to be successful and sustainable in the long-term (Lockwood 1997) , yielding positive implications for all aspects of biodiversity conservation.
Although we focus on fynbos, the concepts developed here may be usefully applied to other fire-prone temperate shrublands. We first review the relevant literature under the headings of recruitment dynamics, community structure, and ecosystem function, in order to develop a conceptual framework for restoration. Our protocols exclude expensive engineering rehabilitation projects in which constraints of time and engineering design override ecological considerations. Restoration protocols will vary depending on the extent of ecosystem transformation and the aim of the restoration. In the next section we discuss some of the practical issues in restoration. Finally, we apply our protocols to a case study area on the Cape Peninsula and indicate which current management policies could potentially be altered to improve restoration outcomes.
Recruitment Dynamics Disturbance Regime
Fynbos is a fire-prone vegetation type with a fire-return interval of 4-45 years . Very little inter-fire recruitment of plants occurs, as most species are adapted to regenerate immediately after fire (Le Maitre & Midgley 1992) . More than half of fynbos species may resprout after fire from epicormic buds, lignotubers or geophytic bulbs, corms, and rhizomes (Figs. 3 & 4; Kruger 1983; Van Wilgen & Forsyth 1992) . Obligately reseeding (henceforth "reseeder") overstorey shrubs generally dominate as a result of their greater height.
The dependence of many fynbos species on seeds for recruitment after fire may be unparalleled in other mediterranean-climate shrublands, although reseeders also may become community dominants in both Californian chaparral and Australian kwongan (Le Maitre & Midgley 1992) . However, Chilean matorral and French garrique vegetation types are dominated by bird-dispersed, resprouting shrubs (Di Castri 1981; Gill & Groves 1981; Le Maitre & Midgley 1992) . This latter guild also occurs in the Cape Floristic Region, but is only prominent along coastal areas in subtropical thicket, or in small patches of Afromontane forest occurring in deep kloofs, surrounded by the fynbos matrix (Cowling & Holmes 1992 a ) .
Seed Banks
The majority of reseeder species in fynbos have soilstored seeds, although canopy storage (serotiny) is common among overstorey dominants ( Fig. 4a ; Holmes & Cowling 1997 a ) . Regeneration from soil seed banks is the most prominent mode among annuals, and shortlived forbs and shrubs (Fig. 4b) . Species with soil-stored seed encompass a seed size range of from less than 0.01 mg to 100 mg (P. M. Holmes, unpublished data) . Within the fynbos soil-stored guild, most of the large-seeded species, representing about 30% of the flora, are dis- persed short distances and buried by ants (myrmecochory; Bond & Slingsby 1983; Bond et al. 1991) . Studies of species life-spans predicted that many reseeder fynbos species should have long-term persistent seed banks in the soil in order to avoid local extinction, since their life spans are shorter than the average firereturn interval (Van Wilgen & Forsyth 1992) . This prediction has been confirmed by studies of fynbos soil seed banks persisting under dense alien stands, in which indigenous seed inputs had been halted (Holmes & Cowling 1997 a, b ) . Species which persisted as seeds under old alien Acacia stands (present for two or more fire-cycles) were predominantly small-seeded species, including ephemerals, graminoids, short-lived ( Ͻ 5 years) shrubs (e.g., Asteraceae & Geraniaceae), and long-lived ( Ͼ 4 years) ericoid-leaved shrubs (e.g., Ericaceae, Asteraceae, & Thymeliaceae; Holmes & Cowling 1997 a, b ) . Larger-seeded species, including the myrmecochores, may have been under-sampled in this study because their particular germination cues may not have been met (see below). Individual species' seed banks tend to be small in fynbos (Musil 1991; Pierce & Cowling 1991; Holmes & Cowling 1997 b ) and kwongan (Meney et al. 1994 ), compared to those of chaparral (Parker & Kelly 1989) and European heathland (Mallik et al. 1984 ) species. The extent of seed bank accumulation reflects the balance between seed inputs and seed losses through germination, decay, and predation. A few ericoid shrub species have been shown to lack dormancy and longevity in the soil (Pierce & Moll 1994 ). For two short-lived species it was postulated that greater dispersibility via wind-adapted structures compensated for the transient nature of their seed banks (Pierce & Moll 1994) . For longer-lived species, it was inferred that the last seed input before a fire may be the most important determinant of recruitment potential (Pierce & Cowling 1991) . Species lacking dormancy and wind or vertebrate dispersal are most prone to local extinction, whether by inappropriate fire regime or alien invasion.
Germination and Seedling Establishment
Because the post-fire environment provides the main opportunity for successful recruitment, fynbos species that have dormant seed banks in the soil are cued to germinate by fire. These cues can be direct, such as a heat pulse (Jeffery et al. 1988; Musil & de Witt 1991; Kilian & Cowling 1992; Cocks & Stock 1997) and smoke from the fire (De Lange & Boucher 1990; Brown 1993) , or indirect, such as an increase in soil oxygen levels resulting from reduced root respiration (Brits 1986 ) and an increase in diurnal temperature fluctuation as a result of vegetation removal (Brits 1986; Pierce & Moll 1994) . Seeds of most serotinous species are not dormant and germinate readily, given adequate moisture at cool, diurnally-fluctuating temperatures (10/20 Њ C) or at a constant low temperature (5-10 Њ C) (Brits 1986; Van Staden & Brown 1977; Mustart & Cowling 1991) . These conditions are typical of the late autumn and winter seasons following fire. By contrast, seed release and burial of non-serotinous species during the interfire period should promote dormancy.
In the soil-stored guild, seed size and depth of burial interact to determine the germination response (Auld 1986; Bond & Van Wilgen 1996) . In a moderate fire, only surface seeds are stimulated, whereas in a hot fire, surface seeds are killed and only those with sufficient resources (i.e., large seeds) emerge successfully from deeper in the soil (Bond & Van Wilgen 1996) . Fire intensity depends upon fuel loads and the rate at which they burn, and is, therefore, correlated with vegetation postfire age, season of burn, and weather conditions on the day of the fire ). Very intense fires may kill sprouting species (Van Wilgen 1982) , but result in good recruitment of large-seeded myrmecochores . Such seeds are insulated by the soil from lethal temperatures during an intense fire and subsequently receive strong indirect fire-related germination cues. Thus, both spatial and temporal variations in fire intensity are important for the successful recruitment of the entire fynbos species complement, but extremely high intensity fires (e.g., where fuel load is increased by alien trees) should be avoided as these may eliminate sprouters and small-seeded species.
Season of burn is an important determinant of regeneration success in fynbos vegetation (Bond 1984; Le Maitre 1984 . Fires usually occur in summer because of the hot, dry conditions, but can occur at any time of year during warm, dry spells (Van Wilgen 1987) . Burning in the late summer/early autumn season tends to maximize recruitment of serotinous reseeders owing to the minimal time available for seed predation by rodents between the fire and autumn germination (Bond 1984; Van Wilgen & Viviers 1985; Midgley 1989) . In order to establish successfully, a seedling must grow a root system which can tap the rapidly dropping water table during spring and summer, or else must be drought resistant. If germination is initiated following a winter or spring burn, the growth period for reaching the summer water table level is much reduced. For these reasons, winter and spring burns generally lead to poor recruitment of fynbos reseeder species. However, there is much variation in the response of plants to fire season that still requires explanation and may relate to factors controlling reproductive output (Le Maitre 1988) , to exogenous factors, such as post-fire weather conditions (Bond 1984) , and endogenous population oscillations . Short ( Ͻ 6 year) fire-intervals may eliminate slowmaturing reseeder species (Kruger 1977; Van Wilgen & Kruger 1981 ) and favor resprouting species that do not have to reach reproductive maturity to survive fire. Thus, two fires in quick succession may alter vegetation structure from a tall proteoid fynbos community with understorey, to a low shrubland dominated by resprouters and short-lived reseeders. The recolonization of the long-lived components may take several fire cycles, depending on the proximity of a seed source. At the other extreme, long (40-50 year) fire-return intervals may result in poor recruitment of serotinous reseeder species following senescence of the parents (Bond 1980) . In order to prevent the loss of reseeder species it is normally recommended that fire frequencies should range between 10 and 25 years ).
Seed Dispersal
Most fynbos species are dispersed only short distances, by ants, ballistically, or else passively (Fig. 5 ). Long-distance dispersal by vertebrates is rare in fynbos vegetation, being confined mostly to the resprouting subtropical thicket guild (6% of the Cape Peninsula fynbos species pool; Fig. 4a : resprouter no-store guild; Holmes & Cowling 1997 b ) . Some species have adaptations for medium-distance wind dispersal in the form of wings and plumes. In the serotinous guild, those species without wings have seeds which can act as "tumbleseeds" on the smooth soil surface of the post-fire environment (Fig. 3) . Such species may travel 30 m through the air, then far greater distances over soil until impeded by an obstruction (Bond 1988 ). In the soil-storage guild, shortdistance dispersal modes are dominant, with wind dispersal being important only in the short-lived species and geophytes, which flower in the first years after fire (Johnson 1992 ) and may disperse into more open vegetation than later-maturing species. Species with tiny, dust-like seeds, such as a few Ericaceae and Campanulaceae, may be subject to some medium-distance wind dispersal, owing to the large seed surface area to weight ratio (McCartney 1990) . However, such seed is more likely to be trapped by the canopies of neighboring fynbos shrubs. Owing to the short dispersal distances of most fynbos species, natural recolonization of large degraded areas by seed from neighboring pristine fynbos vegetation is likely to take several fire cycles.
In summary, restoration protocols must encompass species' regeneration ecology, the importance of appropriate burning regimes, and the post-fire environment, if recruitment and establishment are to be maximized. The long-term persistent nature of fynbos soil seed banks, particularly the small-seeded guild, emphasizes the importance of retaining the topsoil. Species representing guilds without long-term persistent soil seed banks may need to be reintroduced to the site, depending upon the extent of transformation. Germination cues must mimic as closely as possible those generated in a wildfire and the application of such cues should be timed according to the natural fire and germination season of the area (usually summer/early autumn). Unless highly degraded areas are small ( Ͻ 50 m diameter) and within a fynbos matrix, seed and/or plant addition will be needed following a fire to initiate vegetation recovery, because dispersal distances in most indigenous species are very short and, hence, natural recolonization is likely to be slow.
Community Structure Physiognomy
Fynbos communities are evergreen, sclerophyllous shrublands which occur on oligotrophic soils (Moll & Jarman 1984) . They are characterized by the universal presence of restioids (aphyllous evergreen graminoids), a high cover of ericoid-leaved shrubs, and the common occurrence of an overstorey (1.5-4 m high) of nonsprouting, proteoid shrubs ( Fig. 1 ; Cowling et al. 1997 ). Compared to other vegetation types such as forest and thicket, growth-form richness is a relatively poor predictor of species richness in fynbos because many morphological analogues coexist (Cowling et al. 1994 ).
Diversity and Endemism
The Cape Floristic Region, which comprises predominantly fynbos vegetation, is well known for its high levels of diversity and endemism (Takhtajan 1986; CowlFigure 5 . Distribution of dispersal modes by growth-form for a Cape Peninsula fynbos species pool (Holmes & Cowling 1997a) ann, annual. ing & Gxaba 1990; Cowling et al. 1992 Cowling et al. , 1996 . The regional species pool can be attributed to three independent diversity components: namely, within community richness (alpha), species turnover along environmental gradients (beta), and species turnover among similar habitats along geographical gradients (gamma; Whittaker 1972). Alpha diversity is only moderately high in fynbos and is uniform across the region, whereas beta and gamma diversity are high (Cowling & Gxaba 1990; Cowling et al. 1992; Simmons & Cowling 1996) . Local endemic species tend to be restricted to particular substrata and are usually non-sprouting species with shortdistance seed dispersal, which are vulnerable to local extinction as a result of an untimely fire (Cowling & Holmes 1992 b ) . Restoration ecologists need to be sensitive to these biogeographical patterns in situations where species additions are required. Introduction of inappropriate non-local indigenous species could result in establishment failure or hybridization and loss of genetic integrity within local populations.
Succession
In fire-prone vegetation such as fynbos, the course of succession depends on the growth of the post-burn assemblage (autosuccession), rather than on a series of species replacements leading to a self-sustaining climax (Bond & Van Wilgen 1996) . Highest richness is recorded in the early post-fire years when fire ephemerals and long-lived species coexist (Campbell & Van der Meulen 1980; Cowling & Pierce 1988) . Species are successively eliminated according to their life spans, thus it is differences in life histories, rather than competitive abilities which drive succession (Bond & Van Wilgen 1996) .
Determinants of Community Composition and Richness
Restoration ecologists generally work at the level of the plant community, thus it is important to know which processes are important in controlling species composition and coexistence. For example, how can many morphologically analogous species coexist in fynbos communities? There is currently some debate on the importance of two contradictory predictions deriving from equilibrium versus non-equilibrium models of coexistence; namely, that the most similar species should not coexist, versus the species which coexist should be the most similar Cowling et al. 1997) . Most experimental evidence suggests that fynbos species distributions are a function of edaphic specialization rather than competitive interactions (Newton et al. 1991; Mustart & Cowling 1993; Richards 1994 ; but see EustonBrown 1995 for an exception). Nevertheless, within a particular soil type, several morphologically equivalent species may co-occur.
A theoretical problem arising from the equilibrium model is that it assumes a predictable equilibrium community composition determined largely by species interactions (Cowling 1987; Cowling et al. 1997) . In a fireprone shrubland such as fynbos, any equilibrial state is regularly disrupted so that species seldom interact sufficiently strongly, or for long enough, for competition to proceed to exclusion (Bond & Van Wilgen 1996) . Furthermore, fire regime influences the patchiness of plant communities, for example, through heterogeneous fuel loads leading to variations in fire intensity (Bond & Van Wilgen 1996) , and may induce considerable variation in population densities, including those of overstorey shrubs . In turn, overstorey shrub density influences understorey composition (Cowling & Gxaba 1990; Vlok 1996) .
Differentiation in the regeneration niche (Grubb 1977) could partially explain coexistence in fynbos species. Yeaton and Bond (1991) demonstrated that differences in dispersal between two proteoid shrub species reduced the tendency for exclusion of the poorer competitor. Kilian and Cowling (1992) suggested that the long-term coexistence of two ericoid shrub species was mediated by differential regeneration success in response to fire intensity.
Lottery models present a non-equilibrial explanation for the coexistence of competitively similar species, based on differences in regeneration success (Chesson & Warner 1981; Fägerstrom 1988) . Strong inferential evidence for the density-dependent lottery model has been found for two reseeding serotinous proteoids that occupy the same habitat niche (limestone potholes; Laurie et al. 1997) . It is likely that both within-habitat, fine-scale variation in fire intensity and different fire events (varying in return interval, season and intensity) play an important role in promoting coexistence in morphologically similar species.
Landscape Pattern
In an extensive area of natural fynbos vegetation, community boundaries are controlled by environmental factors and fire. Although communities change across the landscape, dispersal of organisms, e.g., pollinators, may occur across community boundaries. However, as human pressures on the land increase, boundaries are more commonly controlled by roads, farmland, and areas of urbanization. In the latter scenario, natural colonization is likely to be slow or non-existent, unless corridors have been maintained among the vegetation remnants to enable species migrations to occur. Restoration of an isolated remnant will involve both the stimulation of existing seed banks and the reintroduction of appropriate species. Furthermore, the success of the restoration may be affected by the surrounding land use. For example, altered drainage patterns could affect the water table at the restoration site and the establishment of perennial species. Thus, implementing a restoration project in an urban or agricultural landscape matrix is likely to require more careful planning and intensive long-term management than a similar project within a natural landscape, especially if the aim is to restore and maintain biodiversity.
In summary, fire is a stochastic variable that maintains diversity, in association with nutrient-poor soils, by preventing competitive exclusion and facilitating coexistence of species with different life histories. All species recruit after fire and succession proceeds according to the various life spans of the species. It is, therefore, important to reintroduce all species after fire or site clearing, in late summer or autumn. A knowledge of disturbance history as well as current status is essential in predicting which components of a community are likely to have been lost and in need of reintroduction. It is important to take edaphic variations and other environmental gradients into account when selecting species and ecotypes for addition to a community. Since some populations fluctuate widely between fires, especially the obligate reseeders, it is probably not important to reintroduce a species at any predetermined density. Successive fire cycles will shuffle species abundances according to the contemporary conditions. In order to maximize local species richness, a fire regime of intermediate frequency should be maintained.
Ecosystem Function
One logical aim of restoration is to reestablish some or all of the links that control processes involved in energy and matter flow through the ecosystem. The degree to which links need to be repaired, and natural functioning re-instated, depends on the aims of the restoration and the extent of transformation (Table 2 ). For example, in a mountain catchment area, the most important ecosystem function may be to supply clean water. For this to be optimal, alien trees must be removed and sufficient indigenous cover should be in place to prevent soil erosion. In another case, the primary aim may be to restore an ecosystem's capacity for supplying certain products (e.g., flowers, foliage) for direct utilization by humans. In less transformed sites, links may be forged simply by reintroducing missing plant species, whereas in more transformed sites it may be necessary to reintroduce soil biota (e.g., mycorrhizae) before some species can establish.
To restore a particular function to an ecosystem, we need to know how the assemblages of organisms that coexist form linkages that affect important processes (Hobbs et al. 1995) . Despite the recent international focus on the study of the functional roles of biodiversity (Mooney et al. 1996) , there are very few practical guidelines available to the restoration ecologist. It is debatable whether all components of biodiversity are essential for maintaining ecosystem function, at least those functions that are generally considered important from a human perspective, in the short term.
The clearest link between biodiversity and ecosystem function in fynbos is the role that biodiversity seems to play in buffering the system against the loss of functionally important components (Richardson et al. 1995) . Fynbos communities, like those in Australian kwongan, are extremely species-rich and support many morphological analogues. It seems unlikely that each species forms a separate and indispensable link in processes directly involved with any measurable function. Consequently, one may argue that some species are "redundant" and need not be replaced in a restoration project without sacrificing an important function or service. However, the danger in this approach is the assumption that morphologically similar species are functionally analogous. In fact, a guild such as ericoid shrubs may be subdivided according to rooting depth and nutrient acquisition mode (root-nodulating, mycorrhizal, and non-mycorrhizal) among other differences (Richardson et al. 1995) . It is debatable whether one can quantify "functional groups" objectively enough to ever be confident that two species are functionally equivalent.
The maintenance of catchment stability (prevention of soil erosion) in the immediate post-fire phase provides one example of functional equivalency. Many species in most fynbos communities resprout vigorously after fire, thereby binding the soil. If one species should fail for some reason, at least one other species in the assemblage with a similar ability to maintain the process would persist, and the function would continue. Thus, species-rich systems have a potential pool from which substitute species can fill at least some essential ecosystem functions under a range of environmental conditions. Since the species complement in a community can change after a disturbance, it appears that different species may fill the same functional role. This can mean either that some species are "redundant" in the system, or that diversity has an important role because functionally-equivalent species respond differently to different sets of events, thereby building resilience into the system. Consequently, the maintenance of ecosystem functioning may depend not so much on retention of all species per se, but on the role of these species in the retention of the capacity for resilience to particular environmental and disturbance events (Hobbs et al. 1995) . As it is possible to lose species as a result of a particular fire, it is important that functional analogues survive to continue that function.
To sustain ecosystem functions, or to restore them after degradation, it is probably essential to keep a good balance of at least the most important functional groups, defined with reference to the function(s) that are considered most important for that system. In fynbos, the different growth form, regeneration, and nutrient acquisition guilds encompass the major functional types. In summary, the reestablishment of major ecosystem functions such as erosion control and nutrient cycling is central to most restoration projects. It is unlikely that the full species complement needs to be replaced to restore the important processes. However, long-term resilience of the ecosystem to disturbance would be promoted by reintroducing as many species as possible within each functional guild. In fire-prone shrublands on nutrient-poor soils, the major functional types are typified by the various growth-form, regeneration, and nutrient-acquisition guilds.
Practical Issues in Restoration
In this section we explain how our restoration protocols (Fig. 6 ) should be put into practice.
Soil Preparation and Erosion Control
In the case of severely degraded sites in which topsoil has been removed or lost, some form of physical rehabilitation will be necessary before ecosystem function and biodiversity can be restored. Wherever possible the topsoil should be replaced, because it contains important plant growth nutrients, microflora, and fauna essential for nutrient cycling processes, and has better water absorbing and holding capacity than subsoil (Brady 1974) . Furthermore, except in highly transformed sites, it contains an important source of indigenous plant propagules. Subsoil and overburden substrata lack many of these characteristics; therefore, restoring a site without topsoil will require more intensive and expensive actions, with little chance of yielding a diverse native community within a human time frame. Mulch in combination with an initial "crop" of fast growing annuals (indigenous or non-invasive alien) may be applied to subsoils to stabilize slopes and initiate nutrient cycling processes before indigenous perennials are introduced. Where topsoil needs to be removed and stockpiled, this should be done for the minimum time and with as little compaction as possible in order to minimize death of plant propagules and soil biota (Hargis & Redente 1984) .
Fire
Since fire is the driving force in fynbos dynamics and fire regime is important in maintaining biodiversity in the long-term, it is important to consider at the outset of a restoration project whether burning will be practical and, if so, whether it can be controlled so that damaging fires do not occur. If fire is excluded altogether, fynbos species will eventually die out and will either need to be replaced (another restoration exercise) or left to develop to thicket or forest if those propagules are dispersed into the site by birds.
It is important to burn a site during late summer or early autumn to accommodate the important germination cues. However, if it is not practical to burn, removal of the vegetation in this season will fulfil the germination requirements of many species. Hard-coated seeds requiring a heat pulse treatment and seeds requiring a smoke treatment may be artificially treated before sowing into the post-fire (or cleared) environment.
Alien Invasive Species
Alien species, particularly trees and shrubs (Fig. 1) , are widespread in the fynbos biome, and are successful in part because of their good colonizing abilities, espe- cially in disturbed ground. It is, therefore, imperative that an alien control program be included as part of the restoration management plan, to minimize the impact of colonizing alien species, even in areas in which aliens were previously not recorded as a problem.
One common problem that affects restoration of felled dense alien stands is that of unnaturally hot wild fires (Fig. 7) . Many felled stands burn in wildfires, and because of their high fuel loads, may result in hot fires that kill indigenous seed banks and cause soil waterrepellency (Scott & Van Wyk 1992) . When subsequent rainfall occurs, sheet and gully erosion may result from the inability of water to be absorbed by the soil and percolate down through the profile. In order to prevent water-repellency occurring, it may be necessary to compromize seedling recruitment by burning the site under cooler winter conditions. Potential soil erosion should be combated using logs pegged across slopes and fastgrowing annuals.
Dense stands of root-nodulating alien Fabaceae increase soil nitrogen and redistribute other nutrients, such as phosphorus, via increased litterfall (Witkowski 1991) . This enhanced nutrient status is likely to favor fast-growing annuals and grasses, which may outcompete the slower-growing indigenous species. It would, therefore, be appropriate to remove as much of the biomass as possible (to reduce potentially high fire intensities) and then to burn the site to volatilize some of the nutrients in the litter layer. In the case of highly disturbed sites in lowland areas (in which indigenous seed banks are absent), it may be feasible to burn and then sow a crop of annuals, which may be harvested as a means of removing some of the nutrients, before sowing indigenous species.
Indigenous Seed Collection and Plant Introduction
Ideally, seed should be collected from an environmentally-matched nearby site. Because of the naturally high turnover in species, collecting from as close as one kilometre could cause the introduction of non-local species or varieties. This could lead to hybridization and loss of genetic integrity if some of the local species persist. The same problem could easily arise if seed is bought from a seed supplier. It is, therefore, very important to use only a local seed source.
Serotinous seed heads and cones may be collected at any time of the year, but summer is best as the heads can be readily dried to release the seeds. In all seed collecting activities, no more than half the seed heads (or seeds) should be removed, in order not to deplete local seed banks. Non-serotinous fynbos species ripen seeds at different times of the year; therefore, the optimal method would be to collect ripe seeds every month. However, if time is limited, many species bear ripe seeds in summer. An alternative to hand-harvesting the smaller seeds is to use a suction harvester. This machine may be small (knapsack size) or large and drawn by tractor. The suction harvester can be used to suction canopies of particular species, or else to suction seed and litter from the ground. Larger myrmecochorous seeds are removed and buried fairly quickly by ants and would, therefore, need to be hand picked at the appropriate time. Seeds should be stored in paper or canvas bags in a cool, dry environment and dusted with insecticide to prevent predation.
As seed banks of resprouting species tend to be smaller than those of reseeders and their seedlings are slower growing, they may be more difficult to reintro- Figure 7 . The felling of dense alien stands creates the risk of substantial damage following a wildfire, as soil water-repellency is induced (which often leads to major soil erosion) and indigenous rootstocks and seed banks near to the soil surface are killed. Upper: An area at Wemmershoek (Western Cape) following a wildfire through felled Hakea sericea. Lower: The same area 12 years after the fire. The vegetation is lacking various shrub guilds and is dominated by graminoids (Restionaceae and Cyperaceae) with large soil-stored seeds which are buried by ants. (Photos: D. M. Richardson.) duce. Because resprouters are an important functional group, the use of cuttings and seedling transplants may have to be considered in order to redress this imbalance. If transplants are used, it is important to introduce them into the post-fire stage of the succession so that they can compete adequately for resources, and it may be necessary to water the plants through their first summer season.
Seed viability varies among species; therefore, the sowing rate for each species is difficult to gauge. The important aim during the first restoration fire cycle is to reinstate as many species as possible: preferably more than one representing each major growth-form, regeneration, and nutrient-acquisition guild. It is well known that species compositions fluctuate according to fire regime and other environmental factors, thus restorationists do not have ultimate control of species abundances. For sites which are expected to have no indigenous seed banks remaining, it is recommended that overstorey shrubs should be sown at approximately the density of a representative stand of that species, and for other species, seed should be harvested from an equivalent area to the restoration site and applied.
Scale of Restoration
As most fynbos species are characterized by short or medium-distance dispersal distances, it will be necessary to sow seed in transformed sites exceeding about 50 m in diameter. If the restoration site falls within the matrix of natural vegetation, colonization of wind-dispersed species may be facilitated by roughening the surface, for example, by placing branches or other obstructions on the ground.
In highly transformed sites, area will often dictate the intensity of restoration actions feasible. Areas exceeding 5-10 ha may be prohibitively costly to restore, unless mechanized seed collecting can be done nearby and the site is suitable for mechanized sowing. Thus, the intensive restoration actions proposed above are more applicable to restoring small threatened habitats, mining and construction sites, and corridors between natural vegetation remnants. For extensive areas, such as entire mountain catchments that are covered in dense alien trees, less intensive restoration actions are advised (Table 2). The current practice of felling trees and burning 12-18 months later after some decomposition has taken place is appropriate, since the closed alien canopies are generally of recent origin and fynbos seed banks persist in the soil. In most areas, pockets of indigenous vegetation persist which can act as foci for seed dispersal into surrounding areas. If recruitment is poor after the first winter, seed can be sown either the next autumn (if cover is very low) or after the next fire if cover is higher.
Evaluation of Restoration Actions
A framework of goals and objectives is useful during all stages of a restoration project, so that ecological knowledge can be applied and gaps identified (Pavlik 1996) . Goals should be rigorously monitored using appropriate methods (Sutter 1996) . Monitoring activities will, in many cases, need to be continued for long periods in order to assess whether populations and communities have not only reestablished, but are capable of completing their life cycles and becoming self-sustaining. If the goal is to restore a fully functional community, it is advisable to monitor an equivalent naturally occurring reference community. Goals may include measures of plant cover, density, and species richness for each functional group at different stages in the succession.
In fynbos, all species establish during the first year after fire, thus monitoring the site for two years should indicate whether recruitment is successful. In the longer term (5-10 years), when later maturing species have set seed for at least three seasons (Van Wilgen & Forsyth 1992) , the site may be burnt. By monitoring a plant community's recruitment after fire and seed production, some measure of its resilience to disturbance and, hence, its long-term sustainability can be obtained. One proviso of monitoring is that it must answer the pertinent conservation questions without being too expensive or complex to complete (Sutter 1996) .
Restoration Priorities for a Case Study Area: The Cape Peninsula National Park
A large proportion of the Cape Peninsula mountain chain, south of Cape Town, has been proclaimed a National Park. The Cape Peninsula is an area of great landscape beauty and high biodiversity (Trinder-Smith et al. 1996; Simmons & Cowling 1996) . Many of the threats which affect the fynbos region as a whole are particularly acute on the Peninsula: for example, habitat loss and fragmentation owing to urban development and expansion, and invasion by alien plants (Wood et al. 1994; Richardson et al. 1996) . The Cape Peninsula National Park (CPNP) is bounded on three sides by metropolitan land, and is almost bisected by urban development. Several species are already extinct in the wild and many others are threatened with extinction.
By far the largest disturbance on CPNP land is invasion by alien plants, which affects about 45% of the area (Table 3) . The current policy is to control the aliens and allow indigenous species to recolonize unassisted. This prevents potentially inappropriate species from being translocated and allows resources to be directed to further alien clearing programs, which in turn lowers the probability of new areas being invaded. This approach largely agrees with our protocols in that a large propor-tion of the invaded area is either only lightly invaded or else has been heavily invaded for a relatively short period (fewer than two fire cycles). Such areas normally retain some standing indigenous vegetation and diverse soil seed banks and have very good potential for reverting to fully functional fynbos vegetation unassisted. However, we suggest that areas which have been heavily invaded for long periods should be identified and some post-clearing seed addition done to reintroduce missing guilds (especially serotinous reseeders). This may be done at relatively low cost if initiated in the immediate post-fire stage. Such intervention would allow a more rapid return to a structurally representative fynbos stand.
The policy for construction scars and eroded areas has yet to be established, but as most of these areas are small, natural recolonization by indigenous species should occur relatively quickly, especially by serotinous species after fire. Our protocols suggest that once physical measures have been taken to halt the erosion, recolonization may be accelerated in severely scarred areas by seeding with a non-invasive nurse crop (e.g., annual grass) in order to initiate ecosystem processes and form some ground cover to hold surface soil and trap indigenous seeds.
No policy has yet been established for the creation of natural vegetation corridors to connect disjointed nature reserve areas. At this stage, the main obstacle for connecting northern and southern halves of the CPNP is private ownership of the appropriate land. However, assuming that the land becomes available for restoration, our protocols indicate that intensive restoration intervention is required, because much of this land comprises abandoned agricultural fields which are now heavily invaded by alien plants. This implies a near total loss of indigenous species from the soil seed banks. If the aim is to produce a functional cover of fynbos vegetation along the corridor, both alien trees and dense swards of grasses will first need to be removed. It would be advantageous to burn the area in order to remove nutrient rich litter. Appropriate seed from nearby communities would need to be collected and sown after the fire or vegetation clearing. Once germination is initiated, an intensive alien clearing program should be in place to prevent reinvasion by alien trees. Any missing guilds could be reintroduced after subsequent burning cycles.
The policy for locally rare or extinct species is to allow nature to take its course. The reasoning behind the hands-off approach is that many populations are naturally rare and without knowing their history in detail, harmful actions, such as introducing a different variety of the species to augment numbers, are to be avoided. Given current levels of resources, we endorse the approach of first endeavouring to remove the threats to rare plants (e.g., alien plants) by maintaining appropriate management. However, if at some future stage it is possible to study the rare species in more detail, we suggest that it would be possible to augment their populations by introducing plants of local genetic material (grown either from seed or cuttings) after a fire, if low population numbers were considered to pose an extinction risk. Extinct historical populations should be reestablished from the closest existing gene pools.
Conclusion
By reviewing the ecological processes driving recruitment dynamics, community assembly, and ecosystem function, we have provided a conceptual framework from which to derive protocols for restoration. The protocols provide a set of minimum interventions required in order to fulfil a particular goal. The protocols adopted will vary depending on the extent and scale of transformation and the goals of restoration. We anticipate that managers who adopt a conceptual approach to restoration, in combination with efficient monitoring of their No action planned goals, will be more likely to achieve some measure of success in their endeavours. Furthermore, failure of certain goals within a conceptual framework will point to deficiencies in ecologists' understanding of community and ecosystem processes and will assist in directing future research efforts. We propose that a field-scale experimental trial be set up to test the protocols and, hence, our understanding of how fynbos communities and ecosystem functions may be restored.
